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SAFEGUARDS FOR LONG-TERM MANAGEMENT OF RADIOACTIVE WASTE

K. K. §. Pillay
Safeguards Systems Group
Los Alamos Natonal Laboratory
Los Alamos, New Mexico 87545, USA

ABSTRACT

In nuclear material safeguards parlance radioactive
wastes are “‘measured discards.” However, tie accumula-
tion of large amounts of fissile materials in wastes over a
period of time can be a safeguards concern like waste inven-
tories in the US, which may contain more than 10 Mt of
fissile materials. In addition to convendonal radioactive
waste forms, such as high-level wastes, transuranic wastes,
and low-level wastes, spent nuclear fuel from commercial
fuel cycles is now considered a radioactive waste form in the
US. Spent nuclear fuels, placed in underground reposi-
tories, have the potential to become plutonium mines of the
future and attractive targets Yor diversion or theft because of
their valuable material content and decreasing radioactivity.
In the context of present strategies for the disposal of these
radioactive waste forms, this paper identifies some of the
domestic and international safeguards issues relevant to the
various proposed scenarios for the long-term management
and permanent disposal of radioactive wastes in geologic
repositories. Present knowledge of inveatories is presented
to illustrate the enormity of the problem of verifying speciul
nuclear material contents of waste inventories in the US.
Good materials masiagement practices during the disposal
phase of nuclear wastes should have elements to address
issues that are identified here.

I. INTRODUCTION

Radioactive waste management has been a smoldering
issue for decades. During the lait decade, the problem of
nuclear waste and the public's perception of the problem
became 8 significant issue worldwide, and there is now a
sense of urgency about the long-term management of such
wastes. In response to this urgency, industrialized nations
have established a variety of programs to develop strategies
and technologies 1o manage ridioactive wastes from womb
to tomb. After decades of benign neglect, the issue of
nuclear waste management seems to be recsiving the atten-
tion it deserves. Although radioactive wastes have been
accumulating in the US for half a century, only during the
last two decades have there been concerted efforts at
addressing problems. Presently, there are well established
programs in place to develop sound technological solutions
for both in'erim and long-term manage.nent of these radio-
active wastes. After considerable study and debate, the US
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programs were codified in a 1982 legislation—"The Nuclear
Waste Policy Act of 1982" (Ref. 1). According to this legis

lation, it is the responsibility of the US Department of
Energy (DOE) to develop strategies, systems, and tech-
nologies for the long-term isolation of all spent nuclear fuels
(SNFs), high-level wastes (HLWs), and wransuranic (TRU)
wastes in the US. Because of the unique socio-political
ammosphere surrounding radioactive waste management,
there are still considerable challenges to the scientific com-
munity for developing technological solutions, including
safeguards strategies, acceptable to a concerned free society.

The present US strategy for long-term managument of
radioactive wastes involves direct disposal of spent nuclear
fuels and vitrified high-level wastes in common geologic
repositories and a separate geologic repository for TRU
wastes. The scenarios for long-term isolation of these waste
forms in geologic repositories have distinct and unique safe-
guards problems, and they are quite different from those
encountered in developing safeguards systems for conven-
tional bulk-handling and item-accounting facilities.

This report identifies some of the key issues that ought
to be considered in developing safeguards sysiems for radio-
active waste materials now in US inventory and destined for
eventual geologic disposal. It is hoped that the material pre-
sented here will stimulate discussions on the subject among
the safeguards community and help tc develop strategies and
systems for safeguarding large quanciries of fiss'le and fertile
materials contained in HLWs, TRU wastes, and SNFs,

II. US WASTE INVENTORILS

Nuclear fuel cycles generate a variety of waste furms
that require long-term isolation from the biosphere. In the
US, both civillan and defense fuel cycles have accumulated
large quantities of radioactive wastes. A summary of var-
ious radioactive waste forms in the US that require special
disposal strategics are shown in Table I (Ref. 2).

Among these waste formy SNFs from commeicial
fuel cycles, HLWs from spent fuel reprocessing, TRU
wastes from defense fuel cycles, and a variety of miscella-
neous radioactive materials (MRMs) from DOE sites are of
interest to nuclear material safegurrds. These waste forms
contain fissile and fertile materiels in differing quantities, and
all of thern have the potential to become matenals for which



TABLE 1. US Radioactive Waste Inventory
at the End of 1989

Waste Form e Ouantities

Spent nuclear fuels* 8 000 m3 (or 20 000 M)
High-ievel wastes* 381 000 m3
TRU wastes* 289 000 m3
Miscellaneous radioactive

meterials®* (DOE sites)** 260 Mt
Low-level wastes 3 909 000 m3
Uranium mill tailings 117 600 000 m3
Mixed LLW 56 000 m?
Wastes from environmental

restoration activities 10 008 000 m3

Reactor decommissioning 254 Mt

* Material forms that may contain significant quantities
of fissile matenals.

** Include nuclear fuels from test and damaged reactors,
scrap, elc.

tEach commercial reactor decommissioning will generate
approximately 16 000 m3 of radioactive wastes.

safeguards should be applied. Because none of the other
waste forms are known to contain any significant levels
of fissile materials, this paper will not address them any
further.

None of the waste forms of potential safeguards con-
cern have had an accurate accounting of their special nuclear
material (SNM) contents. Some of the repurted SNM con-
tents of various was:e forms are summarized in Table I1.

In the data presented in Table II, the fissile conients of
spent nuclear fuels are reasonably good estimates. All the
other data presented in Tablc II are current best estimates and
will change when better estimates become available.

In addition to the above ¢stimates, it may be possible
for some of these waste forms to contain part or all of the
fissile materials declared as invenic.y differences (IDs) at
US nuclear material production facilities. Since 1977, the
US Nuclear Regulatory Commission and the US DOE have
been reporting the invewtry differences of most of the US
nuclear material production facilities in unclassified, open
[ ublications. Compilation of such data from all US com-
mercial faciliies and most defense production facilities
shows that there are large quantities of flssile materials
unaccounted for in their materials accounwncy system. For
e-ample, the cumulative inventories of threa detense pro-
Juciion faciiities reported in the open literature include over
1 M1 of plutonium and a variety of other fissile materials.4

TABLE II. Fissile & Fertile Materials
in US Inventories of
Radioactive Wastes at
the End of 1989

Quantity of
__WasicForm fissile materials
High-level wastes* 1.8 Mt of Pu
1.3 Mtof Np +Am
Transuranic wastes® 3.0 Mt of TRUs
Miscellaneous 0.4 Mt of Pu
radioactive wastes 5.7 Muof 233U
(DOE sites)** 1.3 Mt of 233y
Spent nuclear fuels 160 Mt of Pu
(Commercial) 170 Mt of 235U
6.4 Mt Np
7.0 Mt Am
0.3 Mt Cm
*Ref. 2.

**Ref. 2, Tables C1-C9. In addition, these
waste forms are also reported to contain 178
Mt of uranium and 76 Mt of thorium.

tRef. 3. In addition, SNF inventory has

18 700 Mt of 238y,

II1. SAFEGUARDS ISSUES

A. HLWs & TRU Wastes

Almost all the HLWs and TRU wastes in the US
inventory have their origing in the defense fuel cycle. Data
presented in Table Il and reported IDs of fissile materials
from defense production facilities indicate the likelihood of
approximately 10 Mt of fissile materials in these waste
forms. Because the total volume of these waste forms is
about 700 000 m3, it would seem a Herculean task to
recover ali whe fissile materials in HLWs and TRU wastes
employing any of the known recovery methods. However,
during the last two years, there have becn several pro-
posals3-7 to chemically isolate actinides from radioactive
waste forms and transmute them to short-lived or stable
nuclides. These proposals seem to suggest that recovery of
fissile materials from existing radioactive waste materials is
feasible and probably economically viable.

In the international safeguards arena, economic consid-
erations (cost of SNM recovery) are not accepted as major
deterrents to diversion.® It is assumed that all waste forms
cen be processed 10 recover SNM by some method or
another, although many are not economical. Because of the
declared presence of fissile materials within waste matrices,
these waste forms have the potential to be divered, and more
importantly, they can become potential condulis for planned



diversions within a domestic safeguards regime. There
fore, it is important to design appropriate safeguards systems
not only to identify the SNM contents of the HLWs and
TRU wastes but to meet the requirements of domestic and
international safeguards.

The HLWs and TRU wasies originating from defense
production in the US are not presently subject to inter-
national safeguards. However, present plans are to place
vitrified HLWs from defense production in common
geologic repositories along with SNFs from commercial fuel
cycles. At this location, the vitrified HLWs could enter the
international safeguards regime. All spent nuclear fuels from
US commercial nuclear fuel cycles have the potental to be
under IAEA safeguards during interim and long-term storage
and even after gcologic disposal.

B. Spent Nuclear Fuels

Although spent fuels continue 10 be extremely radio-
active for many years after they are discharged from reac-
tors, the radioactivity level decreases considerably after
several decades, and the extraction of uranium, plutonium,
and a variety of other strategically valuable metals from such
aged fuel becomes less hazardouc. Therefore, underground
repositories containing spent nuclear fuels from once-
through fuel cycles have the potential to become plutonium
mines in the future and are atwractive targets for diversion or
theft because of their valuable material content and decreas-
ing radioactivity.

The first geologic repository in the US, as currently
designed, will contain approximately 62 000 Mt of heavy
metal from commercial nuclear fuels. This inventory of
spent fuels will contain over 500 Mt of plutonium and a host
of other fissile, fertile, and strategically important elements.)
Decreasing energy resources, the need for raw materials for
large-scale energy production, and changes in institutional
and social systems, may provide incentives for future gen-
erations (o recover the spent fuels from geologic repositories
as valuable energy resources. Safeguards issues for this
scenario need to be addressed by the intemational commu-
nity during the development of safeguards for long-term
spent fuel management.

1V. SAFEGUARDS SYSTEMS AND
STRATEGIES

Sysiems have yet to be developed for maintaining
nuclear material safeguards for SNM contained in radioactive
waste materials. People in the international safeguards arena
have begun thinking on the subject.3.%:17 However, the
development of strategies and systems to safeguard nuclear
materials contained in radioactive waste, including spent
nuclear fuels, is still in its infancy.

In the US, existing domestic safeguards systems do
not specifically include nor ¢xclude SNM contained in
radioactive waste materials. However, at the present time,
there wre no sirategies or programs designed to maintain
safeguards for SNM contained in waste materials that have

been accumulating for the past 50 years. First, there s:.ould
be a recognition that HLWs, TRU wastes, and other miscel-
laneous wastes from US defense production facilities may
contain approximately 10 Mt of fissile materials. Such a
recognition is necessary to initiaie programs to systemarcally
examine the safeguards requirements of radioactive waste
materials now in storage at DOE sites and develop both
short- and long-term strategies for maintaimng safeguards.
Furthermore, it would be highly desirable (o have such sys-
tems in place before these radioactive waste malerials are
processed and shipped to geologic repositories for perma-
nent disposal.

V. CHALLENGES AND THE NEED FOR NEW
APPROACHES

In a conventional safeguards regime, radioactive
wastes are “‘measured discards.” Measured discards satisfy-
ing discards criteria seldom reenter the safeguards regime.
However, in the case of HLWs and TRU wastes in the US,
there were no safeguards criteria for discards. Also, over
the years, the SNM contents of wasies have reached rather
high levels and require a reevaluauon of their safegua-ds
requirements.

During the early years of formulating international
safeguards, SNFs were not considered a discardable waste
form. SNFs were considered interim material forms that lent
themselves to chemical processing to recover valuable fissile
and fertile materials. As such, there are no guidelines to
s1feguard SNFs in extended long-term storage or in a geo-

lc gic repository designed for permanent disposal.

Spent nuclea ‘ucls contain SNM in large quantities. A
spent pressurized water reactor (PWR) fuel assembly con-
tains approximately 3 kg of plutonium and a spent boiling
water reactor (BWR) fuel asrsembly contains approximately
1.2 kg of plutonium. In addition, both these SNFs contain
recoverable amounts of fissile and fertile uranium and a
variety of transuranics. The distribution of SNM in HLWs
and TRU wastes. on the other hand. is extremely sparse.
For example, assuming a uniform distribution of SNM in
waste matrices, the HLWs and TRU wastes in the US con-
tain less than 10 ppm of fissile materials. These concentra-
tions appems rather innocuous, although the toul amount
(approximately 10 Mt) of fissile materials in these wastes is a
very large quantity of SNM to be discarded without appro-
priate safeguards. The uncenairties of these reported uan-
tities are likely (0 be extremely large. and there are no simple
methods to verify any of ;hese quantities. Establishing
safeguards regimes for such materials in diverse matncer
and numerous physical and chemical forms is extremely dif-
ficult and offers considerable challenges as well as oppor-
tunides to the safeguards community.

A. HLWs and TRU Wasles

Because the HILWs and TRU waste in the US are not
presently under [AEA nafeguands, only domestic safeguanis
are examined. The HLWy in the US are at four mejor
locations and TRU wastes are at cight sites. Presently, these



wastes are in complex matrices with a wide variety ot
physical and chemical characteristics. [t is extremely
difficult to attempt to verify the SNM contents of these waste
forms by any of the known technologies. However, there is
a national plan to move the stored TRU wastes to a geologic
repository in a salt bed in Carlsbad, New Mexico and to
vitrify all HLWs and place them in a geologic formation(s)
somewhere in the continental US. These strategies allow for
some simple method of verifying the SNM contents of
repository packages leaving storage locations or processing
facilities.

Presenty, all the HLWs and TRU wastes stored in the
US are at DOE facilities under protective custody. It is
highly unlikely that these materials will be stolen from their
present storage locations. However, movement of these
waste forms for gevlogic emplacement may be monitored for
estimating the quantities of SNM being transferred to dis-
posal facilides, and they may be kept under containment and
surveillance until they are placed in their final disposal
location.

The SNM content of TRU wastes may be estimated
using a variety of nondestructive assay (NDA) techniques.!!
The estimaticna of SNM contained in vitrified HLWs is not
readily achieved by NDA techniques. However, the vitrifi-
cation process requires removing stored wastes and convert-
ing them through batch processing into a calcine. It may be
possible to sample these calzines in batches and get a berter
estimate of their SNM content through destructive analysis.
Thus, there are opportunitics to better estimate the SNM
contents of HLWs and TRU wastes during processing and
packaging for geologic placement

B. Spent Nuclear Fuels

The SNFs in the US are under domestic safeguards
and are likely to bc placed under international safeguards
during long-term storage and during residence in geologic
repositories.

The fundamental requirement of intemational safe-
guards is to "assure” the continued presence of nuclear
materials within designated boundaries. This requires estab-
lishing a system of accounting for and control of nuclear
materials within spent fuels and thereby enabling both the
State and international regulatory agencices to verify the safe-
guards system. [n addition to containment and surveillance,
the IAEA detects diversion of SNM contained in spent fuels
by verifying the SNM contents of fuel assemblic+ by inde-
pendent measurements and comparing these measurements
with the declared values. However, such measurements are
time consuming and the estimates of fissile contents usually
have large uncenainties. Detailed analyses of such verifica-
tion schemes using known NDA technologies show that
such schemes for spent fuel assemblies cannot satisfy the
requirements of present safeguards regimes for goal quantity
and timeliness of detection. 12 Therefore an alternative to
extensive measurements, such as item verifi- rion, ought to
be considered for maintaining safeguands tor SNM during
their long-tenmn surface storage,

Permanent geologic repository designs are meant to
isolate the spent fueis rrun. the biosphere for a long time and
prevent accidental access by man. This is in direct contlict
with the basic premise of international safeguards, that
nuclear material can be made available for inspection at suit-
able intervals. Because spent nuclear fuels become attractive
targets for diversion as their fission-product radioactivity
decreases, it may be necessary to maintain safeguards for
spent fuels for an undetermined time. IAEA’s requirement
to venify inventories should be reexaminad and alter. anvs
methods of “assurance” should be developed. For a closed
repository, it is desirable to maintain continuing assurance
that spent fuel is still there. However, this may not be the
most important requircment in the conteit of geologic
disposal. What may be assuring and reasonably achievable
is that spent fuel is not being brought to the surface and
transferred off site. Systems designed to achieve this
objective may be more appropriate to maintaining safeguards
for SNFs in geologic repositories.

Safeguards for long-term retrievable storage should be
difierent from those for geologic permanent storage. Long-
term srorage can range from a ‘ew years to a few decades,
and possibilities of diversion from interim storage are more
likely than from permanent disposal facilities. Safeguarding
spent fuel dismanding/consoligation facilities is another
problem that needs to be addressed and resolved. Because
of the intense radioactivity of SNFs now in storage, material
accountancy involving independent estimation of the SNM
contents of SNFs appears to offer limited prospects in
maintaining safeguards for spent fuels in long-term storage
and during consolidation. Presently, it is very difficult for a
regulatory agency to have verified knowledge of SNM con-
tents of spent fuels. Also, verifying how much SNM s
actually present may not serve useful safeguards purposes.
Verification of fuel bundle integrity by NDA measurement or
other means may have useful safeguards relevance,

V1. PRAGMATIC ALTERNATIVES

The introduction of safeguards for radioactive waste
materials, especially large quantities of spent nuclear fuels, 1s
going to create an enormous burden for present safeguurds
systems. Because these material forms and disposal sce-
narios were not part of the ecarly safeguards regime develop-
ment, there i3 a need to objectively examine the safeguards
requirements of the waste materials and arrive at some prag
matic approaches to addressing the problems. Some of the
possibilities are as follows.

1. For HLWs and TRU wastes, a verification system to
estimate the SNM contents of waste materials being
transferred to final prcessing for permanent disposal
ought to be considered. This approach would not only
confirm some of the present estimates but deter diversion
of other forms of SNM through waste materials leaving
storage locations. Attempts to estimate SNM contents of
HLWs andd TRU wastes may also help to recufy sotne ol
the very large cumulative [Ds of SNM at the tfacihities amd
votentinllv identifv waste matrices tha: mav lend them



selves to economic "scovery of SNM that has been
itnproperly discarded.

2. Containment and surveillance measures for processed
wastes dvring their residence at storage facilities and
transit to permanent reposito.ies is probably the least
expensive safeguards measure for these waste forms.

3. A separate graded safeguardc regime for spent nuclear
fuels based on a properly defined attractiveness level
based on, ainong ocher things, burnup and decay time
may save considerable resources for both nuclear facil-
ities and regulatory agencies.

4. An upward modification of “goal quantity” and
“timeliness™ for detecting SNM from all waste forms
discussed here along with graded safeguards for SNFs
can go a long way in maximizing the use of safeguards
resources.

5. Encouraging the development of a spent fuel manage-
ment regime, wherein there will be a safeguards system
that can primarily rely on containment and surveillance
rather than quantitative measurements of fissile contents
of spent fuels, wouid have considerable practical value.

Developing strrtegies, systems, and r.ecessary tech-
nologies for safeguarding SNM contained in radioactive
waste forms are challenges iacing the safeguards commu-
nity. A variety of safeguards measures can be adapted, and
additicnal new technologies may be required to maintain a
satisfactory safeguards regime for these radioactive waste
forms to prevent their diversion and use as media for
planned diversions.

VII. CONCLUSIONS

The data presented in this paper are based on present
knowledge of inventorics of SNM in wastes in the US. The
data should be viewed in the cuntext of waste matrices in
which they are distributed although the totals are likely to
attract attention. The spent fuels in the US are likely to
become a candidate for international safeguards. The high-
level wastes when placed in the same repository as spent
fuels may have some international safeguards relevance.
The TRU wastes in the US will be totally out of the inter-
natinncl safeguards regimes. All the wastes in the US con-
taining fissile materials are presendy in secure storage loca-
tions and some of them are discards from domestic
sefeguards. During the last decade, waste management
programs in the US have evolved to a stage where good
accounting of waste streams are routinely done 43 part of
good nuclear materials management. Because it is very
difficult to extrapolate present practices o accumulated
inveatories of the past, it would be prudent to examine the
issues presented here in proper context and proceed to
develop sirategies and systeras for good materials
manageinent practices that will also contribute positively to
environmental safety, public concern over 1adivactive waste
disposal, and gooxd nuclear material safeguards.
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